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Intraluminal Thrombosis of Coronary Arteries in
Fatal Myocardial lnfarctions and in

Failed Aortocoronary Saphenous Vein Grafts
WILLIAM H. KERN, Mb, Los Angeles

A review of autopsies of 648 patients who died of acute myocardial infarction showed the presence of
intraluminal thrombi in 314 (48%). The /eft anterior descending coronary artery was principally
involved in 172 cases, the /eft circumflex in 30, and the right coronary in 112. The length of survival
after admission was identical for patients with thrombotic occlusion and those with atherosclerotic
occlusion or severe stenosis: 28% of the former and 29% of the latter died during the first 24 hours
after admission. The incidence of intraluminal thrombotic occlusion of surgically excised, failed
aortocoronary vein grafts was 42 (66%) in 64 patients with nonfibrotic, patent grafts. Most of these
vessels were severely atherosclerotic. The presence of intraluminal thrombi in about haff of patients
who died of acute myocardial infarction and in two thirds of excised, nonfibrotic, previously patent vein
grafts indicates how many patients may benefit from thrombolytic therapy.
(kern WH: Intraluminal thrombosis of coronary arteries in fatal myocardial infarctions and in failed aortocoronary saphenous
vein grafts. West J Med 1988 Oct; 149:426-428)

Since the initial clinical-pathologic correlation of coro-
nary artery thrombosis and acute myocardial infarction

in 1912 by Herrick,' the significance of coronary artery
thrombosis has been well recognized and has been the sub-
ject of numerous studies. Reports in the 1960s and early
1970s2-4 that coronary artery thrombosis may be the result
rather than the cause of myocardial infarction may have de-
layed the use of thrombolytic agents in the treatment of early
acute myocardial infarction.5 The current concept is again
that thrombotic coronary artery occlusion, usually compli-
cating atheromatous plaques, is frequently the cause oftrans-
mural and, less often, subendocardial infarction.6 It is gener-
ally held that significant narrowing ofa coronary artery by an
atheromatous plaque causes angina and that acute ischemic
syndromes are initiated by plaque injury. With intraluminal
thrombosis, acute myocardial infarction may develop.7 It has
been reported that the vast majority of patients with acute
myocardial infarction during the first hours have a coronary
artery that is totally occluded, usually by a thrombus,8 and
that most patients who die in less than six hours have an
intraluminal thrombus.9 If intraluminal thrombosis is indeed
a common or perhaps the most common cause of acute in-
farction, thrombolytic therapy should be beneficial although
it may not be effective in patients with the also common
intraintimal hemorrhages into a damaged atheromatous
plaque9 and in those with atheromatous stenosis or occlusion
without thrombosis.

At the same time, the examination of surgically excised,
failed, aortocoronary saphenous vein bypass grafts in this
laboratory"0 and elsewhere", '2 has revealed a high incidence
of thrombotic occlusion. Patients who underwent a coronary

artery bypass operation in the past and again become symp-
tomatic may therefore also benefit from thrombolytic
therapy.

To determine the incidence of intraluminal thrombosis in
the coronary arteries of patients who died after hospital ad-
mission of acute myocardial infarction and in the surgically
excised, failed aortocoronary bypass grafts of patients who
underwent a repeat coronary artery bypass graft procedure,
the records and slides from these cases were reviewed.

Patients and Methods
The autopsy protocols of all patients who died of acute

myocardial infarction at the Hospital of the Good Samaritan
(Los Angeles) from January 1, 1953, to November 30, 1987,
were reviewed. Patients who had had previous vein grafts or
other cardiac surgical procedures were excluded. The site
and degree of stenosis were recorded for the principal coro-
nary arteries. Whether the occlusion was caused by throm-
bosis or by atherosclerotic changes was noted. All sections of
the coronary arteries were examined. The number of avail-
able sections varied, but the gross descriptions and micro-
scopic findings allowed a classification in each case. Nar-
rowing of 75% or more was considered severe stenosis. The
presence of intraluminal or intraintimal and plaque hemor-
rhage was noted, and the duration of a patient's survival after
admission to hospital was recorded and tabulated.

The sections of all aortocoronary saphenous vein bypass
grafts that had been surgically excised between July 1, 1971,
and August 30, 1987, were also examined. Not all failed
grafts were excised during repeat coronary artery bypass
graft procedures, but cross sections from all excised vessels
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were available, and most have been sectioned in toto. The
pathologic findings were categorized and the incidence of
intraluminal thrombosis was noted in relation to the under-
lying pathologic changes in the vessel wall.

Results
A total of648 autopsies of fatal cases ofacute myocardial

infarction were reviewed. The gross and microscopic find-
ings were of intraluminal coronary artery thrombosis in 314,
or 48% of the cases. Cases of sudden death that occurred
before the patient could be admitted are not included, but the
review shows that 28% ofthe deaths occurred during the first
24 hours after admission, 39% during the second to seventh
day, and about a third after seven days or longer (Table 1).
There was no appreciable difference in the length of survival
between patients with coronary artery thrombosis and those
with atherosclerotic occlusion or severe stenosis, and, con-

versely, there was no difference in the incidence of throm-
bosis between patients who died soon after admission and
those who survived for a week or longer.

Only cases in which thrombotic material was present
within the remaining generally stenosed lumina were classi-
fied as showing thrombosis. Many other cases showed the
presence of old or recent hematomas within plaques but no

associated intraluminal thrombosis. These were categorized
as atherosclerotic lesions.

As Table 2 shows, the left anterior descending coronary

artery was involved by intraluminal thrombosis in 172 cases,

or 55 %. This percentage was even higher (73%) in the cate-
gory ofatherosclerotic stenosis or occlusion. In 193 (79%) of
these cases, one or more additional major vessels were sig-
nificantly diseased. The decision as to which vessel was prin-
cipally involved was based on the degree of vascular occlu-
sion and at times the location of the infarction. The left main
coronary artery was involved in some cases but never in a

case of single-vessel disease.
In all, 119 surgically excised aortocoronary saphenous

vein bypass grafts from 83 patients were examined. The
most significant and advanced lesions, including those spe-

cifically of intraluminal thrombosis, were recorded. In 19 of
the 83 patients, the vein grafts were occluded by fibrous
tissue, either as a consequence ofearly thrombosis soon after
the initial surgical procedure or possibly by progressive in-

timal fibrosis. 10 In ten cases, the vessels showed fibrointimal
circumferential proliferation without atherosclerotic
changes and were occluded by thrombi. In 32 of54 cases, the
grafts were involved by severe atherosclerosis and were com-
pletely occluded by intraluminal thrombi. Overall, 42 of 64
grafts (66%) that were not occluded by fibrosis did contain
recently formed thrombi.

The two groups of cases are not clinically comparable.
All autopsies were done in cases of acute myocardial infarc-
tion. Most patients with failed bypass grafts had angina as
their principal symptom. Of 30 patients in whom the clinical
findings were analyzed, 17 had stable angina, and 7 other
patients had unstable angina. Only three had suffered a myo-
cardial infarction during the three months preceding the op-
eration. Despite this heterogeneity, thrombosis was a fre-
quent and important finding in both groups.

Comment
The presence of intraluminal thrombi in 48% of our 648

autopsy cases of fatal acute myocardial infarction is similar
to that reported in the literature, with a range of38% to 54%
in various series.13 This is considerably less than the inci-
dence of thrombosis assumed to be present in early stages of
acute myocardial infarction based on angiographic stud-
ies. 'I Our cases do not include patients who died before they
could be admitted to hospital but neither do reported cases
that were examined by angiography. The fact that in our

series the incidence of thrombosis was the same in patients
who died within 24 hours and those who survived for several
days raises questions about the reported high rate of throm-
bosis during the first hours of infarction. Earlier reports
actually indicated a lower rate of thrombosis in early stages
of myocardial infarction,2 an observation that has not been
substantiated by subsequent studies.6

The incidence of intraluminal thrombosis in surgically
excised aortocoronary saphenous vein bypass grafts in our

series is higher than that generally reported in the litera-
ture. 11,12,14

It is important to keep in mind that thrombosis in coro-

nary arteries and in most vein grafts is intimately associated
with and generally is a complication ofadvanced atheroscle-

6.7rosis. It has been proposed that coronary artery throm-
bosis may be due to spasms.813 This may be the case, but
there is unequivocal morphologic evidence that most intra-
luminal thrombi are associated with plaque injury such as

intraplaque or intraintimal hemorrhage, fissuring, or rup-
ture.6 '79'15 Sections frequently show an admixture of athero-
matous material with an intraluminal thrombus. This may
make it difficult to distinguish morphologically an actual
intraluminal thrombus from hemorrhage into an atheroma-
tous plaque. Such a distinction is, however, important to
determine or at least estimate how many patients might ben-
efit from thrombolytic therapy. Prompt treatment with tissue
plasminogen activator is now widely advocated and is given

TABLE 1.-Coronary Artery Lesions in Fatal
Acute Myocardial Infarctions

Total Survival
Lesion Number (Percent) <24 h 24-72 h 3-7 d > 7 d

Intraluminal thrombotic
occlusion ........ 314 (48%) 87 62 61 104

Atherosclerotic occlusion
or severe stenosis . . 334 (52%) 98 66 63 107

All cases ....... 648 185 128 124 211

TABLE 2.-Principal Involvement of Major Coronary Arteries
Thrombosis, Multivessel Disease, Atherosclerosis, Multivessel Disease,

Coronary Artery Number Number (Percent) Number Number (Percent)
Left anterior descending ............. 172 91 (53) 245 193 (79)
Left circumflex ....... ...... 30 20 (67) 24 15 (62)
Right coronary .................... 112 69 (62) 65 41 (63)

THE WESTERN JOURNAL OF MEDICINE - OCTOBER 1988 - 149 * 4 427



THROMBOSIS OF CORONARY ARTERIES

without a preceding arteriography. 16 It is doubtful that such
therapy is effective in cases of "intraintimal" hemorrhage or

thrombus.9 Based on the review of the large number of cases
in our series, it appears that thrombolytic therapy might have
been effective in approximately half of our patients with
acute myocardial infarction.

Studies of surgically excised aortocoronary saphenous
vein bypass grafts show the development of atherosclerosis
at a much more rapid rate than is seen in coronary arteries
where significant atherosclerotic changes generally do not
appear before the fourth decade. Smooth muscle cells, some
including lipid vacuoles that correspond to early atheroscle-
rotic changes in fatty streaks, were found in the thickened
intima of grafted veins by electron microscope after 21
months,17 and advanced atherosclerotic lesions were re-

ported in grafted veins after 16 and 29 months. 17.8 Signifi-
cant atherosclerosis usually develops five years after the
placement of veins in the arterial circulation, 50 II and failure
of the grafts and recurrent angina or myocardial infarction
are frequently associated with this process. The thrombosis
in vein grafts that had undergone atherosclerotic changes
was demonstrably associated with fissured or ruptured
plaques and often with intraintimal hemorrhage into athero-
mas.10 Thrombolytic therapy may therefore be indicated in
these patients as well as in those with acute myocardial in-
farction.
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